Background-Black dialysis patients have significantly lower mortality compared to white patients, in contradistinction to the higher mortality seen in blacks in the general population. It is unclear if a similar paradox exists in non-dialysis-dependent CKD, and if it does, what its underlying reasons are.
Results-Over a median follow-up of 4.7 years 172,093 patients died (mortality rate, 71.0 [95% CI, 70.6-71.3] per 1000 patient-years). Black race was associated with significantly lower crude mortality (HR, 0.95; 95% CI, 0.94-0.97; p<0.001). The survival advantage was attenuated after adjustment for age (HR, 1.14; 95% CI, 1.12-1.16), but was even magnified after full multivariable adjustment (HR, 0.72; 95% CI, 0.70-0.73; p<0.001). The unadjusted survival advantage of blacks was more prominent in those with more advanced stages of CKD, but CKD stage-specific differences were attenuated by multivariable adjustment.
Limitations-Exclusively male patients.
Conclusions-Black patients with CKD have lower mortality compared to white patients. The survival advantage seen in blacks is accentuated in patients with more advanced stages of CKD, which may be explained by changes in case mix and laboratory characteristics occurring during the course of kidney disease.
Index words
race; mortality; chronic kidney disease Black patients are significantly over-represented among patients with end stage renal disease (ESRD) on dialysis in the US relative to their proportion in the general population. 1;2 Major reasons for this include a higher population prevalence of chronic kidney disease (CKD) 3 and a faster rate of CKD progression among blacks, 4;5 but also a significant survival advantage associated with black race among dialysis patients. [6] [7] [8] [9] [10] [11] [12] [13] [14] The latter observation is in stark contrast to the higher mortality rates of black individuals in the general population. [15] [16] [17] The exact reasons behind this discrepancy remain unclear. A plausible hypothesis is that during the course of CKD a selection process takes place whereby more black patients with characteristics predisposing to better survival (such as younger age and fewer comorbidities) reach ESRD and start dialysis. Based on this hypothesis it would be expected that the survival disadvantage of blacks seen in the general population will at some point during the course of the development and progression of CKD change to a survival advantage, and this advantage will become progressively larger with more advanced stages of CKD. Furthermore, such a gradual selection process should be accompanied by a progressive evolution of race-specific differences in demographic and clinical characteristics responsible for the survival paradox observed in black dialysis patients.
Studies that examined mortality rates in black vs. white patients with non-dialysis dependent CKD have not been uniform in their findings, in that some described a survival advantage among blacks with CKD 18-21 but others did not. 5;22;23 This may be explained by the predominance of patients in early stages of CKD in some of these studies. [21] [22] [23] In a study examining patients with CKD stages 3-4 from Southern California 5 Derose et al 18 reported higher pre-dialysis mortality associated with black race in patients with estimated GFR 45-59 ml/min/1.73m 2 and a reversal of this association in patients with lower estimated GFR. This study also suggested a change in the ratio of race-specific mortality vs end stage renal disease outcomes with longer duration of follow-up, but without exploring the separate role of each outcome. Similar studies have not been performed in nationally representative CKD cohorts and in patients with all stages of CKD, and no studies have compared the characteristics of cohorts in which blacks had higher vs. lower mortality compared to whites.
We compared all-cause mortality in blacks and whites in a large nationally representative cohort of US veterans with CKD stages 3-5 to determine race specific mortality rates in all stages of CKD, and to examine the effect that CKD stage has on them. We also compared sociodemographic and clinical characteristics of patient groups in which blacks experienced higher vs. lower mortality risks compared to whites.
METHODS

Cohort definition
We identified patients with CKD based on a stable estimated GFR (eGFR) and the presence of an elevated spot urine microalbumin/creatinine ratio (for those with eGFR ≥60 ml/min/ 1.73m 2 ) 24 using laboratory data on serum creatinine from the US Department of Veterans Affairs (VA) Decision Support System National Data Extracts Laboratory Results file (a VA-wide database containing select laboratory results obtained in the clinical setting), 25 as detailed previously. 26 GFR was estimated from serum creatinine measurements and demographic characteristics by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation. 27 From a total of 4,381,049 6 patients with any available eGFR between October 1, 2004 and September 30, 2006, we identified 657,609 patients with non-dialysis dependent CKD.
Race
Data on cohort participants' race was obtained from combining data from VA sources with those obtained from Medicare sources through the VA-Medicare data merge project. 28 In the case of discrepancies we used the race determination from Medicare due to its more accurate nature. [29] [30] [31] Out of the 657,609 patients with CKD, 569,809 patients (86.6%) were white, 61,238 patients (9.3%) were black, 17,803 patients (2.7%) were of other race and 8,759 patients (1.3%) had no (missing) race determination. Data analysis was restricted to the 631,047 patients of either white or black race. Since the vast majority of the patient population was comprised of men we excluded 16,853 women (2.7%). Finally, we excluded 43,386 (7.1%) patients with CKD stages 1 and 2 in order to minimize selection bias induced by the selective availability of data on urine microalbumin/creatinine ratio in the VA database. The final study population consisted of 570,808 patients (518,406 white and 52,402 black).
Sociodemographic characteristics, comorbidities, and laboratory variables
Data on patient age, gender, marital (married, single, divorced or widowed) and insurance status (presence or absence of any kind of health insurance outside the VA system), geographic location (Veteran Integrated Service Network (VISN) number) and blood pressure was obtained through the VA Corporate Data Warehouse (CDW). Data on baseline comorbidities was collected from the VA Inpatient and Outpatient Medical SAS Datasets 32;33 using International Classification of Diseases, Ninth Revision (ICD-9) diagnostic and procedure codes and Current Procedural Terminology codes recorded during the October 1, 2004 to September 30, 2006 time period. Cardiovascular disease was defined as the presence of diagnostic codes for coronary artery disease, angina or myocardial infarction, or procedure codes for percutaneous coronary interventions or coronary artery bypass grafting. We calculated the Charlson comorbidity index using the Deyo modification for administrative datasets, without including kidney disease. 34 Data on select baseline laboratory variables was collected from the VA Decision Support System National Data Extracts Laboratory Results file. 25 
Statistical analyses
Descriptive analyses were performed and skewed variables were log-transformed. Baseline characteristics of black and white patients were compared in the overall cohort, and in patients with different stages of CKD. Differences in baseline characteristics were described by calculating the mean differences and 95% confidence intervals (CI) for means (for continuous variables) and proportions (for categorical variables). 35;36 The start of the follow-up period was the date of CKD cohort entry (the date when the stable estimated GFR used to establish CKD was recorded). Patients were followed up until death or until the date of the last health care or administrative encounter, as documented in the VA Vital Status Files. The VA Vital Status Files are a registry containing dates of death or last medical/administrative encounter from all available sources in the VA system (the Beneficiary Identification Records Locator Subsystem (BIRLS), the Patient Treatment File (PTF), Medicare and Social Security Administration (SSA)). The sensitivity and specificity of the Vital Status Files using the National Death index as gold standard were shown to be 98.3% and 99.8% respectively. 37 As the race-specific hazard of mortality was not proportional with time in the overall cohort, associations were evaluated by using flexible parametric survival models. 38 As blacks appeared to have a higher mortality compared to whites at the beginning of the follow-up period, which reversed later, we studied the role of CKD stage and patient characteristics in time-stratified survival models 39 by separately examining crude and adjusted 1-year mortality hazard ratios (HR) associated with black vs. white race in the first, second, third, fourth and fifth years of follow-up, conditional on surviving to the beginning of the examined (first, second, etc.) year. All analyses were repeated in subgroups of patients with different stages of CKD 24 at baseline. The effect of differences in baseline sociodemographic characteristics, comorbid conditions and various relevant laboratory variables on observed survival differences between blacks and whites was examined in multivariable models with sequential adjustment for such characteristics. Variables recorded repeatedly throughout follow-up (blood pressure and all laboratory variables) were treated as time-dependent.
Statistical analyses were performed using STATA MP version 11 (StataCorp LP, College Station, TX). The study protocol was approved by the Research and Development Committee at the Memphis VA Medical Center.
RESULTS
Study Participants
The mean age of the cohort at baseline was 75.0±8.9 (standard deviation) years and the mean estimated GFR (eGFR) was 47.5±10.0 ml/min/1.73m 2 . Baseline characteristics of all cohort participants categorized by their race are shown in Table 1 and the mean differences between the baseline characteristics are shown in Table S1 (provided as online supplementary material). Black patients were younger, less likely to be married and more likely to be uninsured and diabetic, and less likely to have cardiovascular disease. Blacks also had a higher Charlson comorbidity index, systolic and diastolic blood pressure, serum cholesterol and alkaline phosphatase, and lower blood hemoglobin and WBC count. The differences in the baseline characteristics of black vs. white patients in the various subgroups divided according to their baseline CKD stage were similar in nature to those seen in the overall cohort, but became gradually more accentuated with more advanced stages of CKD (Table 1) . Figures 1 and 2) . Adjustment for age reversed the survival advantage of blacks (HR, 1.14; 95% CI, 1.12-1.16; p<0.001), but further adjustment for other differences in sociodemographic characteristics, comorbidities and laboratory findings resulted in a significant reduction in mortality risk associated with black race (HR, 0.72; 95% CI, 0.70-0.73). The crude survival advantage of black patients was least present in patients with CKD stage 3a (eGFR, 45-59 ml/min/1.73m 2 ) and increased linearly with CKD stages 3b through 5 (Figures 2 and 3) . Adjustment for age and other case-mix and laboratory differences had a similar effect on the black-white survival difference in patients with various stages of CKD as it did in the overall population, and resulted in a relatively uniform multivariable-adjusted survival advantage of blacks in all CKD stages (Figure 2) . Mortality appeared to be higher in black patients than white patients at the beginning of the follow-up, with a reversal of this trend later on (Figure 1) . Crude 1-year mortality hazard ratios associated with black race were higher during the first year of follow-up (HR, 1.19; 95% CI, 1.14-1.23; p<0.001) and became progressively lower for each subsequent year of follow-up ( Table 2) . Adjustment of the time-stratified models for case-mix and laboratory characteristics resulted in an attenuation of the differences seen with length of follow-up, with black race showing a significant association with survival advantage throughout the entire follow-up period. The same trends were apparent when examining 1-year mortality rates in patients stratified by their baseline CKD stage (Table 2) .
Mortality
DISCUSSION
We examined the all-cause mortality of black vs. white patients with non-dialysis dependent CKD in a large, contemporary and nationally representative cohort of male US veterans. Similar to earlier reports in patients on maintenance dialysis [6] [7] [8] [9] [10] [11] [12] [13] we found that overall black patients had significantly lower all-cause mortality compared to white patients. The mortality-difference was affected by the length of follow-up and the severity of kidney disease, as blacks tended to have higher mortality in those with earlier stages of CKD and in the first year of follow-up. These differences appeared to be mediated by differences in baseline sociodemographic, comorbidity, and laboratory measures between blacks and whites, as adjustments for these differences resulted in a uniform survival advantage of blacks irrespective of baseline CKD stage or length of follow-up. That differences in baseline characteristics between blacks and whites were gradually magnified in patients with more advanced stages of CKD also suggests that the evolution of race-associated survival differences over the course of CKD is influenced by changes in patient characteristics. A major factor affecting survival differences was age, in that black patients were significantly younger than white patients, which could have explained a survival advantage in blacks. Also portending lower mortality risk in blacks were their lower cardiovascular disease prevalence and lower WBC count. Other characteristics of black patients, however, portended worse survival (such as their lower prevalence of health insurance, higher prevalence of diabetes mellitus, higher Charlson comorbidity score and several biochemical characteristics). The observed differences in race-related patient characteristics and their evolution during the course of advancing CKD may be related to complex social and biologic differences between blacks and whites, and indicate ample opportunities for further research and for interventions aimed at alleviating racial discrepancies in this patient population. Nevertheless, it is interesting that while the marked differences in a variety of patient characteristics was able to explain variability in black-race survival difference associated with CKD stage and length of follow-up, they did not explain the overall survival advantage seen in blacks, which remained significant even after full multivariable adjustment for various traditional and novel mortality risk factors. It is possible that racedependent differences in the etiology of CKD (such as the recently described mutations in the APOL1 (apolipoprotein L1) gene in blacks [40] [41] [42] [43] ) results in a different predisposition to mortality in black and white patients with CKD that is independent of most known traditional and CKDassociated novel risk factors. More research in this area is needed to determine the validity of this hypothesis.
Mortality differences in black vs. white patients with non-dialysis dependent CKD have been examined in a number of previous studies. A lower mortality rate in blacks with CKD was described in some of these studies, [18] [19] [20] [21] but others failed to describe similar findings. 5;22;23 The reason for this discrepancy may have been the predominance of patients with mild CKD in some of the latter studies. 22;23 Another study by Choi et al using national VA data reported higher age-adjusted mortality in blacks of all stages of CKD, 5 but without describing unadjusted hazard ratios associated with black race, hence it is unclear if our study supports or refutes these results. Some of the hypotheses tested by us (that raceassociated differences in outcomes vary by CKD stage and duration of follow-up) were also examined in a study by Derose et al which examined end stage renal disease incidence and pre-dialysis mortality in patients with CKD stages 3 and 4 enrolled in a managed care organization in Southern California. 18 This study also described a reversal in the risk of mortality associated with black race depending on baseline kidney function, with higher predialysis mortality in black patients with CKD stage 3a and incrementally lower mortality in those with lower kidney function, and reported a relative change in the ESRD-death ratio before dialysis depending on length of follow-up, but without analyzing the effect of longer follow-up on mortality alone and without exploring the role of patient characteristics in the observed mortality-differences. Our study extends these findings by analyzing a US-wide cohort, by examining mortality hazards unaffected by the competing end point of end stage renal disease, and by examining characteristics that could potentially explain the selection of a black cohort with better survival.
Our study is notable for its very large sample size and event numbers, and for it being nationally representative of veterans in the entire geographic United States. Furthermore, in the VA system, enrollment is not hindered by socioeconomic disadvantages and hence it is less likely that observed racial differences in survival are due to such factors. Our study also has limitations that need to be mentioned. Our study population consisted of male patients; hence the results may not apply to females. We used estimated GFR based on the CKD-EPI creatinine equation to define CKD, which uses a correction factor for African American race. This correction factor was suggested to be too high in patients with normal kidney function (GFR >60 ml/min/1.73 m 2 ) and hence this formula may underestimate the true prevalence of CKD in the African American population. 44 We used information obtained during the course of clinical practice to define and to characterize our cohort, hence selection bias is possible. However, the key laboratory variable used for cohort definition (serum creatinine) is part of routine panels that are measured in most patients receiving healthcare, hence it is unlikely that a significant proportion of actively enrolled veterans would have been excluded.
We describe significantly lower mortality associated with black race in a large cohort of US veterans with non-dialysis dependent CKD. Racial differences in crude mortality rates were affected by the severity of kidney disease and length of follow-up, largely due to differences in demographic, comorbidity and laboratory characteristics between blacks and whites linked to these factors. Adjustment for the many significant differences between black and white patients did not attenuate racial mortality differences, but rather amplified those, suggesting that other factors lie at the core of the African-American survival paradox in CKD and ESRD. Future studies examining the general population, or studies with more detailed information on other relevant patient characteristics (such as race-specific genetic polymorphisms associated with CKD in blacks [40] [41] [42] [43] ) may be able to further expand our knowledge in this field. Kaplan-Meier survival curves of black and white patients in the entire cohort of 570,808 patients. Overall and CKD stage-specific hazard ratios (95% confidence intervals) of allcause mortality associated with black race in unadjusted survival models (Model 1) and after adjustment for age (Model 2), age + gender + marital and insurance status + geographic region (Model 3), model 3 variables + blood pressure + comorbidities (diabetes mellitus, cardiovascular disease, peripheral vascular disease, cerebrovascular disease, congestive heart failure, Charlson comorbidity index; Model 4), and model 4 variables + laboratory variables (eGFR, serum albumin, cholesterol, hemoglobin, white blood cell count and serum alkaline phosphatase; Model 5). Kaplan-Meier survival curves of black and white patients in subgroups of patients with CKD stages 3 through 5 at baseline. CKD stages 3a, 3b, 4 and 5 include patients with estimated glomerular filtration rates of 45-59.9, 30-44.9, 15-29.9 and <15 ml/min/1.73m 2 respectively. Table 2 One-year unadjusted and multivariable adjusted mortality hazard ratios associated with black vs. white race 
